Abstract: This article summarized the spatiotemporal pattern of land use/land cover (LU/LC) and urban heat island (UHI) dynamics in the Metropolitan city of Tehran between 1988 and 2018. The study showed dynamics of each LU/LC class and their role in influencing the UHI. The impervious surface area expanded by 286.04 (48.27% of total land) and vegetated land was depleted by 42.06 km 2 (7.10% of total land) during the period of 1988-2018. The mean land surface temperature (LST) has enlarged by approximately 2-3 • C at the city center and 5-7 • C at the periphery between 1988 and 2018 based on the urban-rural gradient analysis. The lower mean LST was experienced by vegetation land (VL) and water body (WB) by approximately 4-5 • C and 5-7 • C, respectively, and the higher mean LST by open land (OL) by 7-11 • C than other LU/LC classes at all time-points during the time period, 1988-2018. The magnitude of mean LST was calculated based on the main LU/LC categories, where impervious land (IL) recorded the higher temperature difference compared to vegetation land (VL) and water bodies (WB). However, open land (OL) recorded the highest mean LST differences with all the other LU/LC categories. In addition to that, there was an overall negative correlation between LST and the normal difference vegetation index (NDVI). By contrast, there was an overall positive correlation between LST and the normal difference built-up index (NDBI). This article, executed through three decadal change analyses from 1988 to 2018 at 10-year intervals, has made a significant contribution to delineating the long records of change dynamics and could have a great influence on policy making to foster environmental sustainability.
LU/LC generations [6, [20] [21] [22] [23] [24] [25] [26] . In a previous time, LU/LC dynamics were generated to obtain the quantized information about the land cover for the sake of sustainable development [2, 8, [27] [28] [29] [30] [31] [32] [33] [34] . Previously, the relationship of land surface temperature (LST) vs. normal difference vegetation index (NDVI) [7, 8, [35] [36] [37] [38] , and LST vs. normal difference built-up index (NDBI) [39] [40] [41] have been taken into consideration to visualize the actual status of the local landscape [39, 42, 43] .
In this article, spatiotemporal datasets of Landsat (1988 Landsat ( -2018 have been thoroughly used for the analysis of the variation of LU/LC and SUHI dynamics phenomena over the city of Tehran using summer dry season (July-August) data. The reason behind choosing this study area is that this city is one of the most rapidly expanding cities in the Middle East. As a consequence, the LU/LC dynamics are very dramatically altered in its city center and the periphery, which directly or indirectly alters the land-resources dynamics. Therefore, timely intervention is the need of the hour for the sustainable development of Tehran.
The objectives of this article include: (i) To study the multitemporal spatial dynamics of LU/LC change and its effect towards SUHI generation for the metropolitan city of Tehran; (ii) to extract the mean LST of each LU/LC class and the change dynamics, along with their effect on the landscape of the city; (iii) to derive LU/LC indicators, such as NDVI and NDBI, to visualize the role of green space and impervious space on the surface temperature in the scenery of Tehran; (iv) to carry out urban-rural gradients analysis to observe the difference of temperature between vegetation vs. urban status and how these influence each other in the context of temperature on the local landscape level of Tehran.
Materials and Methods

Study Area: Tehran, Iran
Tehran, the capital city of Iran, is located in the northern part of this nation at the hillside location of the southern side of Alborz Mountains, and is spread over latitude 35 • 30 to 35 • 51 and longitude 51 • 00' to 51 • 40 [10, 44, 45] (Figure 1 ). It had a population of 0.21 million in 1921 [44] . Later, in 2016, it had a population of 8.52 million [1] . Now, it has become the most populous city in Iran [10, 46] . It principally has two types of physiographic conditions: In the northern part, it has mountainous physiology, and in the southern part, it has a desert type of physiology, with an altitudinal variation of 900 m to 1800 m. The altitudinal variation leads to having distinct climatic conditions, as in the north, Tehran has a dry and cold climate, whereas in the south, it has a warm and dry climate [10] . Due to these variations in physiology and climatic conditions, Tehran has been experiencing an annual mean minimum of rainfall of 145 mm in the south and a maximum of 422 mm in the north, with an average of 33 days of rain in the south and 89 days of rain in the north [10] , whereas in the context of annual mean temperature, it has been experiencing 15 • C to 18 • C and this range has been changing by 3 • C by altitudinal variation [10] . dynamics were generated to obtain the quantized information about the land cover for the sake of sustainable development [2, 8, [27] [28] [29] [30] [31] [32] [33] [34] . Previously, the relationship of land surface temperature (LST) vs. normal difference vegetation index (NDVI) [7, 8, [35] [36] [37] [38] , and LST vs. normal difference built-up index (NDBI) [39] [40] [41] have been taken into consideration to visualize the actual status of the local landscape [39, 42, 43] . In this article, spatiotemporal datasets of Landsat (1988 Landsat ( -2018 have been thoroughly used for the analysis of the variation of LU/LC and SUHI dynamics phenomena over the city of Tehran using summer dry season (July-August) data. The reason behind choosing this study area is that this city is one of the most rapidly expanding cities in the Middle East. As a consequence, the LU/LC dynamics are very dramatically altered in its city center and the periphery, which directly or indirectly alters the land-resources dynamics. Therefore, timely intervention is the need of the hour for the sustainable development of Tehran.
The objectives of this article include: (i) To study the multitemporal spatial dynamics of LU/LC change and its effect towards SUHI generation for the metropolitan city of Tehran; (ii) to extract the mean LST of each LU/LC class and the change dynamics, along with their effect on the landscape of the city; (iii) to derive LU/LC indicators, such as NDVI and NDBI, to visualize the role of green space and impervious space on the surface temperature in the scenery of Tehran; (iv) to carry out urbanrural gradients analysis to observe the difference of temperature between vegetation vs. urban status and how these influence each other in the context of temperature on the local landscape level of Tehran.
Materials and Methods
Study Area: Tehran, Iran
Tehran, the capital city of Iran, is located in the northern part of this nation at the hillside location of the southern side of Alborz Mountains, and is spread over latitude 35°30′ to 35°51′ and longitude 51°00' to 51°40′ [10, 44, 45] (Figure 1 ). It had a population of 0.21 million in 1921 [44] . Later, in 2016, it had a population of 8.52 million [1] . Now, it has become the most populous city in Iran [10, 46] . It principally has two types of physiographic conditions: In the northern part, it has mountainous physiology, and in the southern part, it has a desert type of physiology, with an altitudinal variation of 900 m to 1800 m. The altitudinal variation leads to having distinct climatic conditions, as in the north, Tehran has a dry and cold climate, whereas in the south, it has a warm and dry climate [10] . Due to these variations in physiology and climatic conditions, Tehran has been experiencing an annual mean minimum of rainfall of 145 mm in the south and a maximum of 422 mm in the north, with an average of 33 days of rain in the south and 89 days of rain in the north [10] , whereas in the context of annual mean temperature, it has been experiencing 15 °C to 18 °C and this range has been changing by 3 °C by altitudinal variation [10] . 
Satellite Images
In this analysis, for the execution of LU/LC dynamics, LST, NDVI, and NDBI, Landsat 5 Thematic Mapper (TM) of 1988 to 2008 and Landsat 8 OLI/ TRIS datasets of 2018 (Table 1) were acquired from the United States Geological Survey (USGS) portal. This dataset was preprocessed to overcome atmospheric conditions, distortion, and errors through atmospheric and radiometric correction, as these are the most suitable algorithms to get errorless satellite images [3, 4, 20, 47, 48] . In this analysis, 10-year intervals were followed to visualize the IL and its role in LST intensification, as its development of expansion needs time to occur at a large scale for a city; therefore, 10-year intervals were an excellent choice to see the difference of LU/LC dynamics, as well as SUHI phenomena. 
LU/LC Retrieval
To retrieve the LU/LC information, satellite images were used for the four different time-points, i.e., 1988 (Landsat TM), 1998 (Landsat TM), 2008 (Landsat TM), and 2018 (Landsat 8), over the metropolitan city of Tehran. For this LU/LC classification, supervised classification based on the maximum likelihood algorithm in ERDAS IMAGINE 2014 software was used to delineate five distinct classes. These five classes are impervious land (IL), vegetation land (VL), water body (WB), farm land (FL), and open land (OL).
For the execution of the accuracy assessment of each LU/LC class, a stratified random sampling method was carried out to extract the LU/LC classification accuracy. For the assessment of accuracy, a total of 1000 points were selected by visual interpretation of each class from Landsat datasets of all four different time-points [10, 40] . User accuracy, producer accuracy, overall accuracy, and lastly, the Kappa coefficient were calculated to indicate the level of classification accuracy [49] [50] [51] . Kappa is a nonparametric test which was used to find out the level of agreement between user-assigned values and predefined assigned values [52] . The accuracy test, called overall accuracy, user accuracy, producer accuracy, and the Kappa coefficient were performed using Equations (1)-(4) respectively [10, 40] :
where CCP(Diagonal) is the corrected classified pixels (diagonals) and CRP is the corrected reference pixels;
where CCP(Category) is the corrected classified pixels (category) and CPC(Row) is the classified pixels in that category (the row total);
where CCP(Category) is the corrected classified pixels (diagonals) and CPC(Column) is the classified pixels in that category (the column total);
where N is the total samples; r is the number of rows in error matrix; X ii is the total corrected samples in ith row and column; N 2 is the square of total samples; X i+ is the column total; and X +i is the row total.
Retrieval of LST
For the calculation of LST, first of all, the thermal band (Band 6 in Landsat TM, and Band 10 in Landsat 8) raw data were converted into spectral radiance values using Equation (5) [47] :
where L ϕ is top of atmosphere (TOA) spectral radiance (watts/(m 2 *sr*µm)), M L is the multiplicative rescaling factor based on a specific band from the metadata, Q Cal is the quantized and calibrated pixel values (digital number (DN)) of standard product, and A L is the additive rescaling factor based on a specific band from the metadata. Then, the at sensor (brightness) temperature value was extracted using Equation (6) [5, 10, 15, 16, 43, 50, 51] :
where τ is At sensor brightness temperature, L ϕ is the TOA spectral radiance (watts/(m 2 *sr*µm)), and K 1 and K 2 are the thermal conversion constants from the metadata (Band 6 for Landsat TM, and Band 10 for Landsat 8) (Table 2) . Now, with the help of emissivity correction using Equation (7), the LST (in Kelvin (K)) was derived from the brightness temperature [5, 10, 15, 16, 43, 50, 51] :
where τ is the At sensor temperature, w is the emitted radiance wavelength (11.5 µm for Band 6 in Landsat TM, and 10.8 µm for Band 10 in Landsat 8), p = h × c/s 1.438 × 10 −2 mK , h is Plank's constant (6.626 × 10 −34 Js), s is the Boltzmann Constant (1.38 × 10 −23 J/K), and c is the velocity of light (2.988 × 10 8 m/s). Equation (8) was employed for the extraction of land surface emissivity (e) [5, 10, 15, 16, 43, 50] :
where e is land surface emissivity, n = 0.004 [4] and m = 0.986 [4] , and P v is the proportion of vegetation. Equation (9) was then incorporated for the extraction of the proportion of vegetation (P v ) [5, 10, 15, 16, 43, 50, 51] :
where P v is the proportion of vegetation and NDV I (calculated using Equation (11) (see Section 2.5)).
Before the calculation of NDVI, reflectance values were extracted from red band and near infrared (NIR) band using Equation (10) [47] :
where ρ ϕ is TOA reflectance, which is devoid of correction of the solar angle, M ρ is the multiplicative rescaling factor based on a specific band from the metadata, Q Cal is the quantized and calibrated pixel values (digital number (DN)) of the standard product, and A Q is the additive rescaling factor based on a specific band from the metadata. Finally, to obtain the value of LST in Celsius ( • C), Equation (11) was incorporated [15, 51] :
NDVI Computation
NDVI is one of the major indicators to understand the urban climate [4] . It ranges between −1 and +1, where large positive values denote vegetation, small positive values denote built-up or bare soils, and negative to adjacent to negative values denote water bodies [39] . It provides information about vegetation abundance, phenology, and health [40] . NDVI was retrieved using Equation (12) through red band and near infrared (NIR) band [15, 17] :
where NIR band represents Band 4 in Landsat TM (0.76-0.90 µm (wavelength)) and Band 5 in Landsat OLI (0.85-0.88 µm (wavelength)) respectively, and RED band represents Band 3 in Landsat TM (0.63-0.69 µm (wavelength)) and Band 4 in Landsat OLI (0.64-0.67 µm (wavelength)), respectively.
NDBI Computation
NDBI is one of the major indicators to understand the urban climate [4] . It ranges from −1 to +1, where a large positive value denotes the built-up area, a small positive value denotes bare soils, and a negative value denotes water bodies and vegetation [39] . It provides information about the presence and extent of imperviousness [40] . NDBI was retrieved using Equation (13) through NIR band and mid infrared (MIR) [15, 17] . Before the calculation of NDBI, reflectance values of NIR band and MIR band were extracted using Equation (10) (Section 2.4):
where MIR band represents Band 5 in Landsat TM (1.55-1.75 µm (wavelength)) and Band 6 in Landsat OLI (1.57-1.65 µm (wavelength)), respectively, and NIR band represents Band 4 in Landsat TM (0.76-0.90 µm (wavelength)) and Band 5 in Landsat OLI (0.85-0.88 µm (wavelength)), respectively.
Urban-Rural Gradient
The gradient analysis is a useful method to assess the spatial and temporal variation of the environmental variable with the distance [53, 54] . This analysis provides information about the spatial pattern of mean LST, NDVI, and NDBI by the urban-rural gradient. It gives notions about the distribution of LST, NDVI, and NDBI from the city center to the city's periphery or suburban area and how it is fluctuating over the landscape of the city [43] . This task was carried out by taking NDVI, NDBI, and LST values from the city center to its periphery at 1 km intervals up to 32 km.
Statistical Analysis
Based on linear regression, the scattered plot was created for all four time-points, i.e., 1988, 1998, 2008 , and 2018 between LST and NDVI and between LST and NDBI. For this task, all pixel values of LST, NDVI, and NDBI were converted into points of data [4] . This task was performed using a total of 0.66 million points in the distinct datasets, i.e., LST, NDVI, and NDBI, for each of the study years (1988, 1998, 2008 , and 2018).
Results
Accuracy Assessment Report of LU/LC Classification
Tehran has been classified into five distinct LU/LC classes, i.e., IL, VL, WB, FL, and OL ( Table 2) . In this analysis, four different time-points (1988, 1998, 2008 , and 2018) were taken into consideration to depict the spatial pattern of LU/LC dynamics, where user accuracy and producer accuracy have indicated more than 80% in all LU/LC classes. The overall accuracy achieved for all classifications was more than 85%. The Kappa coefficient was 0.841 in 1988, 0.854 in 1998, 0.895 in 2008, and 0.909 in 2018 (Table 3) . Figure 3 ). This means that 286.04 km 2 (48.27% of total land) of other LU/LC classes were converted into IL class from 1988 to 2018 (Table 5 and Figure 4) . The WB class, the least expanded class, was 0.41 km 2 in 1988, which increased to 0.51 km 2 in 1998; later, in 2008, it again increased to 0.60 km 2 and, lastly, it again enlarged to 2.21 km 2 in 2018 (due to an artificially created lake, called Chitgar Lake (Figure 2d ) whose work started in September 2010 and where 80% of the water comes from Kan Creek [55] ) (Table 4 and Figure 3 ). This implies that 1.80 km 2 (0.30% of total land) of other LU/LC classes were converted into WB land class from 1988 to 2018 (Table 5 and Figure 4) Figure 3 ). The observed changes indicated that 193.84 km 2 (32.71% of total land) of OL were converted into other LU/LC classes (especially into IL) from 1988 to 2018 (Table 5 and Figure 4 ). The VL class was second in terms of decrease, as it was 72.19 km 2 in 1988, which decreased to 66.80 km 2 in 1998; later, in 2008, it again decreased to 59.47 km 2 and continued to diminish to 30.14 km 2 in 2018 (Table 4 and Figure 3 ). This means that 42.06 km 2 (7.10% of total land) of VL were converted into other LU/LC classes from 1988 to 2018 (Table 5 and Figure 4 ). The FL class, the least shrunk among all classes, was 58.93 km 2 in 1988 and decreased to 28.28 km 2 in 1998; later, in 2008, it again decreased to 23.76 km 2, and further diminished to 6.99 km 2 in 2018 (Table 4 and Figure 3 ). This indicated that 51.94 km 2 (8.76% of total land) of FL were converted into other LU/LC classes from 1988 to 2018 (Table 5 and Figure 4 ). 
Spatiotemporal Pattern of LST Dynamics and Creation of SUHI Phenomena
The SUHI maps of Tehran are shown in Figure 5 , where four different time-points (1988, 1998, 2008 , and 2018) were taken into consideration to depict the spatial pattern of SUHI distribution, whose statistical information is compiled in Table 6 . The highest rise in LST was observed on the eastern and central part of the city in all years covered by the study (1988-2018). The maximum rise in LST was due to the presence of OL (sandy type) and IL, respectively, whereas the huge decline in LST observed on the northern side of the city was due to the presence of VL (Figure 2 ).
At the time-point of 1988, rural or suburban areas like south Vardavard (western side of the city), 
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The SUHI maps of Tehran are shown in Figure 5 , where four different time-points (1988, 1998, 2008 , and 2018) were taken into consideration to depict the spatial pattern of SUHI distribution, whose statistical information is compiled in Table 6 . The highest rise in LST was observed on the eastern and central part of the city in all years covered by the study . The maximum rise in LST was due to the presence of OL (sandy type) and IL, respectively, whereas the huge decline in LST observed on the northern side of the city was due to the presence of VL (Figure 2 ). 5). Finally, at the time-point of 2018, the same rural or suburban area faced lower LST (in the range of 35-38 °C) than that of the urban city center area (in the range of 38-44 °C), with a difference of nearly 3-9 °C of LST in the city, except for the rural or suburban area of Vardavard, because it had rapidly developed into an urban area (Figure 2 ). Figure 5 ). Therefore, it was apparent that the difference of LST was nearly 9-13 • C between rural and urban area, with higher LST in urban than in the rural or suburban areas ( Figure 5 ). Later in the time-points, 1998 and 2008, a 6-9 • C difference in LST was observed, where urban areas recorded LST in the range of 38-44 • C, which was higher than that of rural or suburban areas (in the range of 32-35 • C) ( Figure 5) . Finally, at the time-point of 2018, the same rural or suburban area faced lower LST (in the range of 35-38 • C) than that of the urban city center area (in the range of 38-44 • C), with a difference of nearly 3-9 • C of LST in the city, except for the rural or suburban area of Vardavard, because it had rapidly developed into an urban area (Figure 2 ).
LU/LC Effects on LST
This section describes the mean LST distribution over each distinct LU/LC class to study the dynamic effects of LU/LC on LST. In IL, the mean LST distribution was observed to be 39.30 • C in 1988; later, in 1998, it decreased to 37.70 • C, but in 2008, it increased to 38.47 • C, and in 2018 further increased to 40.38 • C (Table 7) . Therefore, it is apparent that the IL class experienced 1.08 • C of higher LST in 2018 in comparison with 1988; however, if the mean LST of the IL class of 2018 is compared with the mean LST of the IL class of 1998, then it experienced 2.68 • C higher mean LST (Table 7) . In VL, the distribution of the mean LST was observed to be 35.91 • C in 1988; later, in 1998, it decreased to 34.01 • C, but in 2008, it increased to 35.58 • C, and finally, in 2018, it again increased to 37.18 • C (Table 7) . Therefore, it is apparent that the VL class experienced 1.27 • C higher mean LST in 2018 in comparison with the mean LST of VL of 1988, but if the mean LST of VL in 2018 is compared with the mean LST of VL of 1998, then it experienced 3.17 • C higher LST (Table 7) . In WB, the mean LST distribution was observed to be 32.87 • C in 1988; later, in 1998, it decreased to 30.53 • C, but in 2008, it increased to 32.52 • C, and finally, in 2018, it again increased to 33.63 • C (Table 7) . Therefore, it is evident that WB class experienced 0.76 • C higher LST in 2018 than in 1988, but if the mean LST of WB of 2018 is compared with the mean LST of WB of 1998, then it experienced 3.10 • C higher mean LST (Table 7) . In FL, the distribution of mean LST was observed to be 38.97 • C in 1988; later, in 1998, it decreased to 38.65 • C, but in 2008, it increased to 40.11 • C, and finally, in 2018, it again increased to 40.59 • C (Table 7) . Therefore, it is apparent that the FL class experienced 1.62 • C of higher LST in 2018 in comparison with the mean LST of FL of 1988, but if the mean LST of FL of 2018 is compared with 1998, then it experienced 1.94 • C of higher mean LST (Table 7) . In OL, the mean LST distribution was observed to be 40.36 • C in 1988; later, in 1998, it decreased to 38.41 • C, but in 2008, it increased to 40.50 • C, and finally, in 2018, it again increased to 42.60 • C (Table 7) . Therefore, it is evident that the OL class experienced 2. (Table 7) . The magnitude of the mean LST based on a cross cover comparison of LU/LC classes was extracted from all time-points, i.e., 1988, 1998, 2008, and 2018, over Tehran (Table 8 and Figure 6 ). The mean LST distribution over LU/LC classes was also extracted for the same time period. It was found that IL had a higher mean LST difference than VL by approximately 2.8-3.7 • C and WB by approximately 6.0-7.2 • C at all consecutive time-points, i.e., 1988, 1998, 2008, and 2018 (Table 8 and Figure 6 ). However, IL was found to have lower mean LST than FL by approximately 0.2-1.6 • C (except in 1998, which had a higher mean LST than FL by 0.3 • C) and OL by approximately 0.7-2.2 • C at all consecutive time-points, i.e., 1988, 1998, 2008, and 2018 (Table 8 and Figure 6 ). The reason behind the higher mean LST of the FL and OL than IL was the sandy and deserted type of landscape over the city [10, 44] , which has led to accelerating LST distribution over the FL and OL. 
Spatiotemporal Pattern of NDVI Dynamics and Its Relationship with LST
The NDVI maps of Tehran are shown in Figure 7 , where four different time-points (1988, 1998, 2008 , and 2018) take the spatial pattern of NDVI distribution into consideration; their statistical information is portrayed in Table 9 . The mean NDVI observed in 1988 was 0.12, which remained the same value in 1998, but after that, the mean NDVI decreased to 0.10 in 2008, then increased to 0.16 in 2018 ( Table 9) The highest distributed NDVI was observed on the northern part and west-central part of the city at all consecutive time-points (1988-2018) due to the presence of dense vegetation; however, in the southern part of the city in 2018, new vegetation has spread, whereas the lowest NDVI has been observed on the eastern and central side of the city due to the presence of OL (sandy land type) and IL, respectively (Figure 7) . 
The NDVI maps of Tehran are shown in Figure 7 , where four different time-points (1988, 1998, 2008 , and 2018) take the spatial pattern of NDVI distribution into consideration; their statistical information is portrayed in Table 9 . The mean NDVI observed in 1988 was 0.12, which remained the same value in 1998, but after that, the mean NDVI decreased to 0.10 in 2008, then increased to 0.16 in 2018 (Table 9 ). The correlation between NDVI and LST was found to be negative at all times, as shown in Figure  5 , where the R 2 value dramatically decreased at each time-point, as it was 0.41 in 1988, 0.36 in 1998, 0.23 in 2008, and 0.09 in 2018 (Figure 8 ). Due to having a negative correlation, it can be stated that the NDVI decreased as LST increased at all time-points, and this relationship showed that due to the presence of lower VL, the LST increased (Table 9) . In other words, it can be said that higher VL led to lower LST and lower vegetation led to higher LST ( Figure 5 ). The highest distributed NDVI was observed on the northern part and west-central part of the city at all consecutive time-points (1988-2018) due to the presence of dense vegetation; however, in the southern part of the city in 2018, new vegetation has spread, whereas the lowest NDVI has been observed on the eastern and central side of the city due to the presence of OL (sandy land type) and IL, respectively ( Figure 7 ).
The correlation between NDVI and LST was found to be negative at all times, as shown in Figure 5 , where the R 2 value dramatically decreased at each time-point, as it was 0.41 in 1988, 0.36 in 1998, 0.23 in 2008, and 0.09 in 2018 (Figure 8 ). Due to having a negative correlation, it can be stated that the NDVI decreased as LST increased at all time-points, and this relationship showed that due to the presence of lower VL, the LST increased (Table 9) . In other words, it can be said that higher VL led to lower LST and lower vegetation led to higher LST ( Figure 5 ). 
Spatiotemporal Pattern of NDBI Dynamics and Its Relationship with LST
The NDBI maps of Tehran are shown in Figure 9 , where four different time-points (1988, 1998, 2008 , and 2018) were taken into consideration to depict the spatial pattern of NDBI distribution, and their statistical information is shown in Table 10 . The mean NDBI was observed to be 0.02 in 1988, and it decreased to 0.01 in 1998, then to −0.01 in 2008, and it remained as the same value in 2018 (Table  10) .
The highest distributed NDBI was observed on the western, central, and southern part of the city at all consecutive time-points due to the presence of a dense built-up area with a concrete roadway network, whereas the lowest NDBI was observed on the northern side of the city due to the presence of dense VL ( Figure 6 ). 
The NDBI maps of Tehran are shown in Figure 9 , where four different time-points (1988, 1998, 2008 , and 2018) were taken into consideration to depict the spatial pattern of NDBI distribution, and their statistical information is shown in Table 10 . The mean NDBI was observed to be 0.02 in 1988, and it decreased to 0.01 in 1998, then to −0.01 in 2008, and it remained as the same value in 2018 (Table 10) .
The highest distributed NDBI was observed on the western, central, and southern part of the city at all consecutive time-points due to the presence of a dense built-up area with a concrete roadway network, whereas the lowest NDBI was observed on the northern side of the city due to the presence of dense VL ( Figure 6 ). In the context of NDBI effects on LST, the correlation was found to be positive at all times in Figure 10 , where the R 2 value dramatically decreased at each time-point, as it was 0.50 in 1988, 0.35 in 1998, 0.34 in 2008, and 0.18 in 2018 (Figure 10 ). Therefore, due to the increase of both the LST and NDBI, it can be said that IL had strong effects on increasing LST (Table 6 ), which has been spatially represented in Figure 5 . In the context of NDBI effects on LST, the correlation was found to be positive at all times in Figure 10 , where the R 2 value dramatically decreased at each time-point, as it was 0.50 in 1988, 0.35 in 1998, 0.34 in 2008, and 0.18 in 2018 (Figure 10 ). Therefore, due to the increase of both the LST and NDBI, it can be said that IL had strong effects on increasing LST (Table 6 ), which has been spatially represented in Figure 5 . 
Analysis of Pattern of Urban-Rural Gradient
In this Section, the pattern of the urban-rural gradient is described in Figure 11 , where the trio relationship among LST, NDVI, and NDBI has been represented at all time-points, i.e., 1988, 1998, 2008 , and 2018, respectively, over Tehran. At the first time-point (1988) at the city center, the mean LST was ~38.5 °C with a mean NDVI value of ~0.13 and a mean NDBI value of ~−0.040, and until 15 km, the LST level was 38.5 °C to 40 °C, the mean NDVI level was 0.09 to 0.16, and the mean NDBI level was −0.04 to 0.02. However, after 15 km, the pattern of mean LST and mean NDBI started rising in the range of 38.5 °C to 41 °C and 0.02 to 0.10, respectively, whereas the mean NDVI fell in the range of 0.06 to 0.13 ( Figure 11 ). At the second time-point (1998) at the city center, the mean LST was ~35 °C with a mean NDVI value of ~0.1 and a mean NDBI value of ~−0.035, and until 15 km, the LST level was 36.5 °C to 38 °C, the mean NDVI level was to 0.095 to 0.165, and the mean NDBI level was −0.04 to 0.005. However, after 15 km, the pattern of mean LST and mean NDBI started rising in the range of 37.5 °C to 40.5 °C and −0.01 to 0.09, respectively, whereas the mean NDVI fell in the range of 0.065 to 0.13 ( Figure 11 ). At the third time-point (2008) at the city center, the mean LST was ~38 °C with a mean NDVI value of ~0.11 and a mean NDBI value of ~−0.04, and until 15 km, the LST level was 37 °C to 38.5 °C, the mean NDVI level was 0.075 to 0.14, and the mean NDBI level was −0.04 to −0.01. However, after 15 km, the pattern of mean LST and mean NDBI start rising in the range of 38 °C to 43 °C and −0.015 to 0.075, respectively, whereas the mean NDVI fell in the range of 0.055 to 0.12 ( Figure 11 ). At the fourth and last time-point (2018) at the city center, the mean LST was ~39 °C with a mean NDVI value of ~0.15 and a mean NDBI value of ~−0.02, and until 15 km, the LST level was 39.5 °C to 40 °C, the mean NDVI level was to 0.1 to 0.19, and the mean NDBI level was −0.035 to −0.015. However, after 15 km, the pattern of mean LST and mean NDBI started rising in the range of 37.5 °C to 43 °C and −0.025 to 0.085, respectively, whereas the mean NDVI fell in the range of 0.125 to 0.185 ( Figure 11 ). 
In this Section, the pattern of the urban-rural gradient is described in Figure 11 , where the trio relationship among LST, NDVI, and NDBI has been represented at all time-points, i.e., 1988, 1998, 2008 , and 2018, respectively, over Tehran. At the first time-point (1988) at the city center, the mean LST was~38.5 • C with a mean NDVI value of~0.13 and a mean NDBI value of~−0.040, and until 15 km, the LST level was 38.5 • C to 40 • C, the mean NDVI level was 0.09 to 0.16, and the mean NDBI level was −0.04 to 0.02. However, after 15 km, the pattern of mean LST and mean NDBI started rising in the range of 38.5 • C to 41 • C and 0.02 to 0.10, respectively, whereas the mean NDVI fell in the range of 0.06 to 0.13 ( Figure 11 ). At the second time-point (1998) at the city center, the mean LST was~35 • C with a mean NDVI value of~0.1 and a mean NDBI value of~−0.035, and until 15 km, the LST level was 36.5 • C to 38 • C, the mean NDVI level was to 0.095 to 0.165, and the mean NDBI level was −0.04 to 0.005. However, after 15 km, the pattern of mean LST and mean NDBI started rising in the range of 37.5 • C to 40.5 • C and −0.01 to 0.09, respectively, whereas the mean NDVI fell in the range of 0.065 to 0.13 ( Figure 11 ). At the third time-point (2008) at the city center, the mean LST was~38 • C with a mean NDVI value of~0.11 and a mean NDBI value of~−0.04, and until 15 km, the LST level was 37 • C to 38.5 • C, the mean NDVI level was 0.075 to 0.14, and the mean NDBI level was −0.04 to −0.01. However, after 15 km, the pattern of mean LST and mean NDBI start rising in the range of 38 • C to 43 • C and −0.015 to 0.075, respectively, whereas the mean NDVI fell in the range of 0.055 to 0.12 ( Figure 11 ). At the fourth and last time-point (2018) at the city center, the mean LST was~39 • C with a mean NDVI value of~0.15 and a mean NDBI value of~−0.02, and until 15 km, the LST level was 39.5 • C to 40 • C, the mean NDVI level was to 0.1 to 0.19, and the mean NDBI level was −0.035 to −0.015. However, after 15 km, the pattern of mean LST and mean NDBI started rising in the range of 37.5 • C to 43 • C and −0.025 to 0.085, respectively, whereas the mean NDVI fell in the range of 0.125 to 0.185 ( Figure 11 ). Therefore, it is pretty clear that mean LST is dramatically higher in the area of 15 km to 32 km from the city center than in the area of the city center to 15 km, and the mean NDBI value is also higher in the area of 15 km to 32 km from the city center than in the area in city center to 15 km (Figure 11) . However, the pattern of mean NDVI has captured the opposite, as the mean NDVI value is lower in the area of 15 km to 32 km from the city center than in the area in the city center to 15 km (Figure 11 ) at all four consecutive time-points, i.e., 1988, 1998, 2008 , and 2018, respectively. Thus, it can be said that the high VL growth led to decreasing LST and high IL growth led to increasing LST. Therefore, it is pretty clear that mean LST is dramatically higher in the area of 15 km to 32 km from the city center than in the area of the city center to 15 km, and the mean NDBI value is also higher in the area of 15 km to 32 km from the city center than in the area in city center to 15 km ( Figure  11) . However, the pattern of mean NDVI has captured the opposite, as the mean NDVI value is lower in the area of 15 km to 32 km from the city center than in the area in the city center to 15 km ( Figure  11 ) at all four consecutive time-points, i.e., 1988, 1998, 2008 , and 2018, respectively. Thus, it can be said that the high VL growth led to decreasing LST and high IL growth led to increasing LST. 
Discussion
Urbanization: An Alteration of LU/LC and Its Intensification on LST
The city of Tehran is the capital of Iran and has one of the oldest histories of civilization [10, 44] . The city has two major types of physiology: It is mountainous in the northern part and has a desert in the southern part [10, 45, 46, 56] . As this city has a history of human attraction to its landscape, in the course of time, the city has experienced explosive impervious development in the form of residential, commercial, industrial, transport network, parking lots, etc., at the cost of transformation of LU/LC classes like VL, FL, and OL. This trend of alteration in LU/LC dynamics has changed the scenario of the distribution of the LST at a great scale [16, 40, 57] . One of the major reasons behind all this transformation is the explosive escalation of population growth over a period of time, especially in last three decades, where its human population has grown by nearly 3 million (Figure 12) , with their massive demands of land for the growth of their housing, health care, education, creational activities, parking lots, roadways, and others [4, 18, 58] . A similar kind of transformation has been captured due to the rapid development of built-up land in different parts of the world, like in the city 
Discussion
Urbanization: An Alteration of LU/LC and Its Intensification on LST
The city of Tehran is the capital of Iran and has one of the oldest histories of civilization [10, 44] . The city has two major types of physiology: It is mountainous in the northern part and has a desert in the southern part [10, 45, 46, 56] . As this city has a history of human attraction to its landscape, in the course of time, the city has experienced explosive impervious development in the form of residential, commercial, industrial, transport network, parking lots, etc., at the cost of transformation of LU/LC classes like VL, FL, and OL. This trend of alteration in LU/LC dynamics has changed the scenario of the distribution of the LST at a great scale [16, 40, 57] . One of the major reasons behind all this transformation is the explosive escalation of population growth over a period of time, especially in last three decades, where its human population has grown by nearly 3 million (Figure 12) , with their massive demands of land for the growth of their housing, health care, education, creational activities, parking lots, roadways, and others [4, 18, 58] . A similar kind of transformation has been captured due to the rapid development of built-up land in different parts of the world, like in the city of Baguio in the Philippines [58] , the city of Kandy City in Sri Lanka [54] , the city of Chennai in India [59] , the metropolitan area of Tokyo in Japan [2] , the city of Istanbul in Turkey [60] , the city of Mekelle in Ethiopia [61] , the municipality of Sobotka in Poland [34] , Santiago de Chile [62] , São José dos Campos in Brazil [63] , and Eastern Europe (Five selected cities in Warsaw, Budapest, Prague, Bucharest, and Sofia) [64] .
of Baguio in the Philippines [58] , the city of Kandy City in Sri Lanka [54] , the city of Chennai in India [59] , the metropolitan area of Tokyo in Japan [2] , the city of Istanbul in Turkey [60] , the city of Mekelle in Ethiopia [61] , the municipality of Sobotka in Poland [34] , Santiago de Chile [62] , São José dos Campos in Brazil [63] , and Eastern Europe (Five selected cities in Warsaw, Budapest, Prague, Bucharest, and Sofia) [64] . In this analysis, it has been found that IL very abruptly expanded on the northern side (especially in Chizar, Dezashib, Niavaran, Tajrish, Elahiyeh, Velenjak, Nakhjavan, Ozgol, Shahrak-e-Mahallati, Jafar Abad, Sadat Abad, Farahzad, North Shahran, etc.), southern side (especially in Madreseh, Dolat Abad, Golshahr, Golha, Shahrak-e-Modarres, Azim Abad, Kuy-e-Eslam, Alaein, Karevan, Masoodeih, Lower and Upper Afsariyeh, etc.), and western side (Verdavard, Souht Chitgar, Tehran University Town, Azad Shahr, East and West Golestan, Shahr-e-Ziba, Sharif Town, Shahid Kharazi Town) of the city at each 10-year interval of time-points (Figure 2) . By observing the above expansion of land, it could be said that more and more settlement will be built up due to the hectic population pressure, as the United Nations has already published that in 2030, the population of Tehran will be 9.9 million (Figure 12 ) [1] . Therefore, there is a chance of encroachment in the northern and western part of the city, as in these directions, there is availability of open space.
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SUHI Phenomena and Sustainable Planning
In this study, one of the significant observations was the swift enlargement of concrete land ( Figure 2 ) and associated intensification of SUHI effects at a large scale with consistency ( Figure 5 ). The replacement of VL and OL into IL in the form of residential, commercial, industrial, transport network, pavements, parking lots, etc. has consistently occurred on the landscape of the city due to urbanization [4, 10] . In this analysis, following LU/LC class-wise mean LST calculation, it has been observed that VL and WB experienced approximately 3-5 °C and 5-8 °C, respectively, lower mean LST compared to other classes (IL, OL, and FL) ( Tables 7 and 8 ). At the time-point of 1998, the observed mean LST distribution was lower than the previous time-point, 1988, over the whole city, but after 1998, the trend of mean LST started increasing at time-points 2008 and 2018, and even the mean LST distribution of 2018 became higher than that of 1988 by 1.24 °C. However, if the comparison is between the mean LST of 1998 and 2018, then the mean LST increased by 3.03 °C (Table 6 and Figure 5 ).
The clear observation of intensification of LST distribution was recognized throughout the city space and this happened because of VL, which was very dramatically diminished, as it was 72.19 km 2 
In this study, one of the significant observations was the swift enlargement of concrete land ( Figure 2 ) and associated intensification of SUHI effects at a large scale with consistency ( Figure 5 ). The replacement of VL and OL into IL in the form of residential, commercial, industrial, transport network, pavements, parking lots, etc. has consistently occurred on the landscape of the city due to urbanization [4, 10] . In this analysis, following LU/LC class-wise mean LST calculation, it has been observed that VL and WB experienced approximately 3-5 • C and 5-8 • C, respectively, lower mean LST compared to other classes (IL, OL, and FL) ( Tables 7 and 8 ). At the time-point of 1998, the observed mean LST distribution was lower than the previous time-point, 1988, over the whole city, but after 1998, the trend of mean LST started increasing at time-points 2008 and 2018, and even the mean LST distribution of 2018 became higher than that of 1988 by 1.24 • C. However, if the comparison is between the mean LST of 1998 and 2018, then the mean LST increased by 3.03 • C (Table 6 and Figure 5 ).
The clear observation of intensification of LST distribution was recognized throughout the city space and this happened because of VL, which was very dramatically diminished, as it was 72. 19 Figure 2 ). Therefore, it was pronounced that 42.06 km 2 (7.10% of total area) of green space were depleted (Table 5 ). However, in the context of the phenomena of SUHI, people have focused on geometry and design effects on the flow of wind, which include orientation, shape, and size of buildings; and a mitigation strategy, which includes cool roofs, cool pavements, green roofs, and the use of light materials, but the information of spatial recognition of green space pattern in the city is an essential element to enrich the sustaining environment over the city space [4, 16, 43] .
One of the significant observations of this article was the pattern of LST over the city space of Tehran, because in the city center, the mean LST was lower than that in the periphery of the city ( Figures 5 and 11 ) at all time-points, and this was much pronounced in 2008 and 2018. After 10-15 km of the city center, the LST level increased due to an NDBI level hike (as enormous population pressure has been developed primarily from the last 30 years (Figure 12) ) and NDVI level decrease. The city of Tehran has experienced an explosive formation of SUHI in the periphery of the city. The reason behind this formation was the dense concrete development (especially in the areas of Tajrish, Elahiyeh, Velenjak, Nakhjavan, Ozgol, Shahrak-e-Mahallati, Verdavard, Sharif Town, Dolat Abad, Golshahr, Golha, Shahrak-e-Modarres, Azim Abad, Kuy-e-Eslam, and Alaein) in the outer part of the city center or periphery of the city at large scale with the destruction of green space (especially in the areas of Dezashib, Chizar, Tazrish, Ealhiyeh, Niavaran, and Kan), and another reason behind it was having sandy (bare land) and deserted forms of open landscapes.
Implication of Urban Sustainability
Typically, in the main process of urban enlargement, some features have come into existence with economic improvement and social welfare for the people to a great extent, which directly or indirectly transformed the landscape of the city [4, 8, 30, 51, 65] . Despite the fact that due to urban development, people have better employment and other enormous chances to boost urban revenue, which spurs the economy, it is also hard to conceive that the devastation of VL and the small size of WB has taken place at a large scale, which is responsible for accelerating the SUHI level that led to the damage of the local environment [4, 5, 16, 39, [66] [67] [68] .
Tehran experienced IL expansion in the central (lower rate) and outer (higher rate) parts of the city from 1988-2018, which has been witnessed in the LU/LC change statistics (Table 4 and Figure 2) ; such an unbalanced development built-up pattern should be responsible for the formation of the urban jungle.
Therefore, it can be ascertained that the phenomena of SUHI have been escalating at all time-points, except time-point 1998. It is also clear that this has happened due to the enormous demands of huge population numbers, which have created a fast development of IL, which creates adverse effects on the local ecosystem. To make the SUHI phenomena weaker, a particular mitigation strategy needs to be incorporated, like the use of light materials and paints, the creation of the green and cool roofs, tree plantation, home gardens, and the creation of small ponds/lakes, which can make a significant difference to minimizing LST levels [16, 39, 66] . Thus, it is essential to spread awareness about the SUHI phenomena through local, regional, or national government bodies and other authorities among the people to adopt the remedies to overcome the SUHI effects; it is also essential to conduct scientific planning before any urban or suburban development for proper management of the land for sustainable development of the environment [4, 39, 43, 65] .
Limitation and Future Scope of the Study
In this section, the limitations and future scope of work have been ascertained. The major limitation of this study was the availability of Landsat satellite data for the required time-points, because the data were available only for some particular times for the selected study area. Further, the image should be cloud-free; otherwise, neither the calculation of LST nor the classification of LU/LC is possible, due to the absence of an actual reflectance digital number (DN). Thus, the selection of cloud-free data was essential to carry out this study.
The computation of LST was lengthy, because it required conversion of spectral radiance, land surface emissivity, NDVI, and proportion of vegetation. Therefore, on the one hand, to make it time-efficient, and on the other hand, to generate cloud-free images based on the surrounding DN values, there is a need to develop a suitable algorithm and methodology, which would be the work of future research. The emerging cities of developing and underdeveloping nations can be observed to delineate the change patterns for sustainable development, which can also be the focus of future studies in the same field.
Conclusions
In this article, the spatiotemporal pattern of LU/LC change and their quantification were summarized at four different time-points, i.e., 1988, 1998, 2008, and 2018 , for the study area, the metropolitan city of Tehran. The results showed that VL has depleted by 42.06 km 2 (7.10% of total land) and OL by 193.8 km 2 (32.7% of total land), whereas IL expanded by 286.04 km 2 (48.27% of total land) between 1988-2018 (Table 4) . IL was enlarged throughout the time periods studied, while VL, OL, and FL shrank (Figure 4) .
The mean LST distribution of LU/LC classes: The results indicated that VL and WB experienced lower mean LST by approximately 3-4 • C and approximately 6-8 • C, respectively, than other LU/LC classes at all time-points, i.e., 1988, 1998, 2008, and 2018 (Table 7 ). In the analysis of the magnitude of mean LST distribution of LU/LC classes, it was observed that IL experienced higher mean LST than VL by approximately 2.8-3. (Table 8 and Figure 6) .
By observing the pattern of mean LST distribution from the city center to the periphery of the city, it can be said that SUHI phenomena dramatically increased (especially in the time-point of 2018), and was enlarged after 15 km from the city center ( Figure 11 ) due to the presence of IL. The mean LST enlarged by approximately 2-3 • C at the city center and 5-7 • C at the periphery from 1988-2018.
The results of the relationship between LST vs. NDVI and LST vs. NDBI showed a negative correlation relationship and positive relationship, respectively (Figures 8 and 10 ). In the context of LST vs. NDVI, it can be said that a higher NDVI led to lower LST and a lower NDVI led to higher LST, where the depletion of VL had a significant role in the escalation of LST because vegetation can reduce temperature by 4-5 • C more, than other LU/LC classes, except water body (Table 7) . On the other hand, as LST vs. NDBI was positive, it can be said that a higher NDBI led to higher LST and a lower NDBI led to lower LST, which revealed that the enlargement of IL played a significant role in the acceleration of LST because IL can increase temperature by approximately 4-8 • C of the mean LST more, than other LU/LC classes, such as vegetation and water body (Table 7) .
It was evident that due to the rapid development of IL (in the form of residential, commercial, industrial, transport network, pavements, parking lots, etc.), VL, OL, and FL were rapidly eradicated. As a result, a considerable growth of LST in IL was observed in the past three decadal courses of time at 10-year intervals. The surprising fact was that OL had been the higher magnitude of mean LST than all the other LU/LC classes ( Table 8) . The previous studies revealed that IL has a higher temperature difference compared to other LU/LC categories, especially in tropical mountain cities like the city of Baguio City in the Philippines [58] and the city of Kandy City in Sri Lanka [54] . Therefore, it is essential to incorporate the quantification of the thermal state for the city, because it has described the scenario of the environment of the city in the context of LU/LC effects on SUHI generation. Thus, it is evident that the objectives have addressed the real scenario in the context of LU/LC change, SUHI phenomena, and the relationship of NDBI and NDVI with LST in the urban-rural gradient for Tehran from 1988 to 2018, which have enhanced the landscape information at 10-year intervals. On the basis of this article, very effective policies and planning can be designed to cope with the growth of urban space, the depletion of vegetation space, reduction in open space, shrinking of farm space, and elimination of small to medium size water bodies by the implementation of some suggested plans, like the use of light materials and light color paints; green roof space; storage of rainwater in small to medium size ponds through rainwater harvesting; and plantation of trees in open available space at large scales by the active participation of individuals, local to regional organizations, and governmental bodies to minimize the SUHI effects by enriching the LU/LC dynamics. 
